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Recap Fourier Transform





Quantum phase estimation



Generalization to multiple-outcome measurement

Measurement register t qubits Binary encoding of 𝜑



Quantum phase estimation: applications
Measurement register t qubits Binary encoding of 𝜑

Measurement register t qubits



The eigenspace and eigenvalues of unitary matrices

Build projectors as sum of eigenvectors 
with same eigenvalue.
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Binary encoding of 𝜑



Quantum phase estimation 

Measurement register t qubits

Target register

Binary encoding of 𝜑



General ±1 eigenvalues measurement

Hadamard test is QPE 
with binary outcome



Quantum phase estimation: Proof 
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Quantum phase estimation: Proof 

Measurement register t qubits

Target register



Quantum phase estimation: Proof 



Quantum phase estimation: Proof 



Quantum phase estimation: Proof 

Inverse QFT is applied 
without the final SWAPs
Or SWAP the classical 
register afterwards.



Quantum phase estimation 

Measurement register t qubits

Target register

Binary encoding of 𝜑



Application and Discussion
Measurement register t qubits



Shor algorithm:

QPE for modular exponentiation



Shor’s Algorithm for Factoring



Summary Factoring

As unlikely as 
random guessing



Order finding



Phase estimation for order finding

Measurement register t qubits



The input state

Measurement register t qubits



Post-processing: potential error

Measurement register t qubits
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